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IKVESTIOBTIOS O F  T H E  NATURE O F  T H E  y RAYS. 2 6 1  

XVI. An Experinzental Investigation of the N u t w e  qf the 
y R a y .  By W. H. BRAGQ, M.A., .Fa R.S., Elder  Prqfesso?. 
of Mathematics and Playsics in the UniversitLq of Adelaide, 
and J. P. V. MADSEN, D.Sc., Lecturer on Eiectrical 
Engineering *. 

IN papers recently published in the Proceedings of the 
Royal Society of South Australia (May and June  1907) 
and in the Philosophical Magazine (October 1907) an attempt 
was made to show that the ether-pulse theory of y and X 
rags might prove to be incorrect after all, and that most of 
the known properties of these rays could be explained more 
simply and directly on the supposition that they were 
material and consisted of neutral pairs. The arguments 
were based on a comparison of known phenomena with 
deductions from each of the two opposing hypotheses. At 
that time there did not seem t o  be any opportunity of appeal 
to a decisive experiiiient. 

The object of this paper is to give a preliminary account 
of an investigation which appears to us to gim the final 
answer as regards Llie y rays, and to show that  they are  
mat8erial in nature. 

The argument is as follows :- 
Secondary radiation which is excited in  an atom by a 

passing wave or pulse must be distributed symmetrically 
with regard to a plane passing through the atom perpen- 
dicular to the direction of motion of the pulse. If we speak 
of the primary pulse as  going forwards, the secondary radiation 
is just as likely to go  Lackwards as forwards. This is a 
well-recognized principle. F o r  example, J. J. Thomson 
divides the secondary radiation due to y rays into two equal 
parts which he supposes to move away symmetrically in 
opposite directions, and, for convenience of calculation, 
parallel to the direction of the primary rays (' Conduction of 
Electricity through Gases,' p. 406). Suppose, therefore, a 
pencil of y rays to pass normally through a plate so thin 
th%t its absorption niay be neglected, klie secondary rad ia t im 

* Read April 10, 1908, 
VOL. YXI. U 
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should be exactly the same on the two sides of the plate in 
amount, in quality, and in  distribution ; and it ought not to 
be possible to discover, by any comparison of the secondary 
radiations on t,he two sides, which is the face of entry and 
wliich of emergence. 

Fig. 1. 
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Consider now the ionization-chamber represented in fig. 1. 
The two ends are closed by plates, of which A and A’ are 
alilce ; so also a re  13 and B’. The material of‘ A and A’is 
different to that of B and B’. The nature of the side walls 
is of no consequence. A pencil of y rays passes aIong the 
&xis of the chamber, which is represented by a dotted line. 
The ionization current within the chamber is measured as 
usual by inserting a high-potential electrode connected to an 
electroscop-. 

When the plates A and B are inverted there is a change 
in  the aniount of the current : so also when A’ and B’ are 
inverted. By an extension of the principle already stated 
i t  ought not to be possible, on the Eether-pulse theory, t o  
discover which way the rays are  going (up or down in the 
figure) by comparing the consequence of inverting A and B 
with that of inverting A’ and B’. 

As a matter of‘ fact the direction can be discovered with 
ense ; the more easily the greater the difference between the 
atomic weights of A and B. 

For  exam 1)le. in one esl)eriinent of ours the chamber m s  
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of cylindrical form, 7.5 cms. high and 25 cins. diameter. 
The plates used were aluminium and lead ; the thickness of 
each plate was a little less than 2 mm. Inversion of the top 
plates A and B made a difference in favour of AI of less 

Fig. 2. 
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than 1 per cent. ; i. e., the current was slightly larger when 
the A1 was next the chamber. On the other hand, inversion 
of the bottom plates made a difference of 44 per cent. in  
favour of P b  ; i. e., the current was 44 per cent. larger when 
the P b  was on top. The details are  shown in the figure. 
Allowance was made for all radiation other than that which 
proceeded down the conical opening in  the lead block. 

It may be well to point out that this effect cannot be 
ascribed to any complication due to secondary or tertiary 
rays. No doubt the radiation in the chamber is very complex; 
but the fact is immaterial. Provided that the charriber is 
symmetrical in the first place, then the secondaries must 
be symmetrical also if the ether-pulse theory is correct, and 
therefore the tertiaries and so on. Nor is i t  necessary to  
consider whether the secondary radiations are 6 rays or 
scattered y rays. 

Also it must be remembered that the secondary radi n t' ions 
which enter the chamber have their origin almost entirely ir. 
a very few millimetres of material bordering on the chamber. 
Therefore the y rays are in almost exactly the same condition, 

U 2  
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both as  to quality slid as to quantity, when they excite 
secondary radiations from the top plate as they enter the 
chamber, and secondary radiations from the bottom plate as 
they leave. 

The details of the experiment may be varied greatly ; but 
in  all the cases we have tried the want of symmetry is obvious. 
In fig. 3 are shown the details of one other case, in which 

Fig. 3. 

TU 
I 

P 
(1) Current with plates arranged as above , , . . 59.8 
( 2 )  7 7  ,, A and B inverted . . , , . . . . . . 644  
(8 )  As in (l), but base PQ changed to carbon . 50.5 

carbon and lead were the materials used, and the form of 
the chamber was different. It seems unnecessary to give 
more, because i n  the first place the experiments are easy to 
repeat : and in the second place, the complete quantitative 
analysis of the figures depends on several factors, the in- 
fluence of which is imperfectly understood, such as the 
previous screening of the rays, the form of the chamber, and 
the respective parts played by the original 'y rays, cathode 
raps, and secondary y rays if any  such exist. The experi- 
ments as they stand show how far  away is that symmetry 
which the Ether-pulse theory deinands. It seeins to US that 
there is no escape from the conclusion that the y rays are 
not s t h e r  pulses. 
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Let us therefore proceed to  consider the hypothesis that 
the y rays are material. I n  the paper already mentioned it 
was argued that they might well consist of neutral pairs, 
liable to be broken up on encountering atoms or  parts of 
a t o m  ; and that the secondary cathode radiations might be 
the negative particles thus set free. Let us suppose, pro- 
visionally, that the particles when set free move at  first in 
the direction of the y stream, but are subsequently scattered 
in the usual manner of ,B rays. [ I t  is here t,bat the absence 
of symmetry arises. On the pulse theory the particles should 
go equally backwards and forwards; indeed, if they were 
ejected by atomic explosions, the result of energy accumu- 
lated by passing pulses as suggested by J. J. Thoinson in 
the case of X rays, they would move equally in all 
directions.] 

Fig. 4. 

Wigger gives a table (JalidmclL der 12atlioaktil;ittit, Bd. ii. 
p. 431) showing that the y rays are absorbed according to a 
density law pretty strictly, except for the smaller thickuesses 
in the case of the substances of larger atomic weight. 
Assume this law to hold good: and also assume for ths 
present that the absorption of p rays follows the density 
law. The latter is only roughly true, of' courbe j but we 
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may deal with quantities in  a broad fashion first, and make 
the proper amendments afterwards. 

W e  can now compare t,he quantities of cathode radiation 
which should emerge from the fa r  sides of t w o  plates of 
different densities, p and p’. Le t  these be represented by 
AD and AID’ in fig. 4 (p. 2 6 5 )  ; and let BC and B’C’ be cor- 
responding stratit of equal weight, in fact, let AB/A’B‘= 
BC/B’C’=CD/C’D’=p’/p. Le t  the plates be crossed bp 
equal pencils of y rays, as shown in the figure. A certain 
quantity of y radiation is absorbed in crossing BC : in the 
language of our present hypothesis w e  should say that a 
certain number of y partioles are  stripped of their positives, 
and the negative remainders go tn .  A n  equal nuinher of 
negatives are set free in B’CI because the two strata are of 
equal weight. Of those set free in  BC only a certain 
number einerge from the face D because of the absorptiun 
of the plate CD. Since C D  and C’D’ are cif equal weight a 
similar absorption occurs in the case of the particles set free 
in B’C‘. Thus the same number emerges froni each plate. 
Jntegrating for all effective strata, the whole cathode radia- 
tions emerging from the two plates are  equal. 

W e  thus find that if  the absorptions of p and y rays both 
followed the density law, the secondary cathode radiation 011 
the far  side of a plate-we may call it the “emergence” 
radiation-would be the same for all materials. There should 
be no such relation between tbe amount of the radiation and 
the atomic weight of the plate as various observers have 
shown to be t rue for the secoiidary cathode radiation of 
“incidence,” a relation which is closely parallel to that 
found in the owe of ,E# rays. 

Experiment is in agreement with this theory, for it shows 
that no such relation exists in  respect to the emergence 
radiations : in marked contrast to what happens in the case 
of the radiation from the front sides of the plates of various 
inateriaIs- the incidence radiations. 

It is true that  tlie emergence radiations are not all equal, 
but this is to be expected, because (1) the amount of secondary 
cathode radiation depends, as Kleeinan has shown, on the 
previous screening of the y rays, (2) the ,8 rays are not 
hbsorbed strictly wcortIing to a density Lw, ( 3 )  the ‘Y r:lJ’S 
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also depart from this law. W e  have made no serious attempt 
as yet to disentangle the effects of these various disturbing 
factors. Jn fact the task promises to be long and intricate, 
for it will be necessary t,o find out  how much of the ioniza- 
tion in the chamber is due to each class of' rays : to discowr 
the law of distribution of the radiations in space so that the 
form of the chamber may be allowed for, if necessary: to  
find out the nature of the departures from the density law of 
those p and y rays which are in question, and so on. Never- 
theless the results are satisfactory, so far as we have gone. 
The amount of emergence ra.diation is found to depend 011 
the previous screening of the rays. I n  one case the in- 
version of a C, Plu pair o€ plates from - C1,Pb to - P b ,  C altered the current in the ratio 1 : 1.11 when 
the rays had been previously screened b y  Yb ; but in the 
ratio 1 : 9 6  when the screen was changed to  C. Again, 
when the rays had previously passed through an iron screen, 
the inversion - Pb F e  t o  Fe P b  changed the 
current in the proportion 1 : 1.12, but when a lead screen was 
substituted for au iron one the uhange was 1: 1.04. I n  
illustration of the effect of the second disturbing factor 
iuentioned above, we have found that, other things being 
equal, the substances of small atomic weight give the most 
secondary radiation, in n general way ; and i t  map be no 
coincidence that in some cases we have found Sn and F e  to  
give surprisingly sinal1 amounts. This is i n  agreement with 
what is to be expected ; for it is clear, on consideration of 
the argument already given, that the greater the P-ray 
absorption of a substance in proportion to its density, the less 
" emergence" radiation should issue from it. Some observers 
have found Sn and Fe to possess exceptional absorbing powers. 
We do not wish, however, to  lay any  stress upon these last 
observations, some of which we may not have interpreted 
correctly ; but we mention them in order to show that the 
inequalities that are found to exist between the emergence 
radiation of various substances promise to be reducible to  
order as soon as the difficulties of interpretation have been 
surmounted. 

Let us now consider the cathode radi:itions on the front 
d e s  of the plates. Of' the cathode pttrticles set free in BC 
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and moving at first in the direction of the y rays, a certain 
proportion, say p ,  is returned by what is beyond. These move 
towards the face A, and a certain number of’ them succeed 
i n  reaching i t  and emerging therefrom. I n  the case of tile 
other plate the proportion returned is p’  ; the absorption in 
B’A’ is the same as in  BA because the weights are the same. 
Comparing the two plates stratum by stratum, we find that 
the “ incidence ” radiation of one plate is to the incidence 
radiation of the other plate as p to p’. Now p and p ’  are 
the well-knonn constants of the /3 rays. 

When a streani of y rays is allowed to fali upon a plate, 
the cathode radiation which issues from the place of inci- 
dence must be divisible into two parts. One consists of 
scattered p pzrticles derived from the stream of such particles 
which was travelling with the y rays before incidence, and 
which was formed during the previous traiisit of the screens 
employed-solid, liquid, or gaseous. This part is scattered to 
an extent wliich depends on the atomic weight of the plate, 
according to the usual (McClelland’s) law of P particles. 
The other part is 0rigin:ltecl in the plate itself in the manner 
just described, and the amount of it is also regulated ac- 
cording to the &ray law. When, therefore, observers hale 
measured the secondary radiation due to y rays, and have 
found a law corresponding to that for /3 rays, the reason 
of the correspondence has been that they really were measuring 
the secondary radiiation due to /3 rays. Properly speaking, 
the secoigdnry radiation produced by y rays, or rather j+otn 
y rays, is proportional to the density of the substance traversed 
(cf. Wigger’s table) ; and this is only another form of the 
law of absorption of y rays. 

The relative importance of the two parts of the incidence 
radiation j u s t  lnentionecl must depend on the circumstances 
of the experiment *. The researches of Kleeinall (Phil. Mag. 
Nov. 1907) show very well how the second part, which is 
influenced by previous screening, modifies the effect of the 
first part, which is not so influenced, but which follows the 
lam of p rays strictly. 

* In a recent letter addressed by one of 11s to ‘Nature,’ too much 
strwQ V‘RY laid rm the  p w t  p h y e d  by the iirst pdl’t under d l  
circumctuiices. 
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It is easy to show, by comparing corresponding strata at 
the front and back of one plate, that the incidence raditition 
should be somewhat less than p times the transmitted radia- 
tion,-somewhat less, because the cathode radiation which 
is: turned back is scattered and softened in the process. 

To sun1 up  :- 
On the Ether-pulse theory we ought to  find perfect 

eyiiiinetry in the secondary radiations from the two sides of 
a plate; but) experiment sliows nothing of the kind. 

On the inaterial, or neutral puir theory, the '' incidence " 
radiations should follow the P-rny law. This is known to 
be the case. The " eniergence " radiations should not follow 
the &ray law; and experiment shows that they do not. If 
the density law held for both P and y rays, and if the y rays 
were homogeneous, the emergence radiations should all be 
equal. As nlrenctp explained, experiment shows that the 
observed inequulities give promise of ready explanation on 
the grouiid that no one of these suppositions is quite true. 

It is perhaps better not to extend the preliminary account 
of these experiinents by any lengthy discussion of the issnes 
arising from them. Many points that invite consideration 
have been discussed already in the papers first referred to. 
Moreovei., our  own further experiments a re  incomplete ; and 
their tu11 interpretation is not yet certain. We  will therefore 
confine ourselves to  one or two questions fihich seem to be 
of special interest. 

The X rays resemble the y rays so closely that i t  is 
practically inconceivable that the two radiations should be 
essentially different. The secondary cathode radiations which 
are set free when X rays impinge on any material must 
therefore have been part of the X-ray stream, and inust start 
their independent existence by moving on in the line of' the 
X-ray motion, Their velocity is much smaller than that of 
the secondary cathode rays due to y rays, and they are much 
inore readily scattered. It may still remain an open question 
whether or  no the X-ray stream contains &her pulseb. 
Perhaps their exi5tcLnce niubt bc su1)lwsecI in order to explain 
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the velocity experiment of Marx, and the diffraction experi- 
ment of Haga and Windt. Possibly they are also require,,i 
i n  order to explain Barkla’s polarization experiments ; but 
we do not think that the experiment described by Barkla in 
‘Nature’ (Oct. 31, 1907) is in any way decisive. 

I t  seems proper to consider a Ibossibility that the negative 
pnrticle, when it moves on in the original line of motion of 
the pair from which i t  c:ime, ret:iins also its original velocity. 
I t  is a striking fact that tlie cathode particle due to the 
y rays has the same speed, very nearly, as the /3 particle 
issuing froin the original radioactive material. And it looks 
quite unlike a coincidence that similar comparisons can be 
made in the case of the X rays. The secondary cathode 
radiations due to these rays have velocities which, at the 
least, are of the same order as the velocities of the cathode 
particles in the X-ray bulb. If we examine the table given 
by Innea (Proc. Roy. Soc. Aug. 2, 1907, p. 461), and if WO 

may be allowed to adopt an interpretation differing somewhat 
from the author’s, but  more nittural, i t  seems to us, in view 
of the conclusions of this paper, we find that the velocities 
of the electrons emitted bp all the metals are practically the 
same, zinc being an exception because it is unable to break 
up the hardest rays. We find that the velocities range from 
about 6 x lo9 to 7.5 x lo9 for soft rays, and 6 x loQ t o  8 x l o Q  
for hard rays. Remembering that bundles of X rays are 
very heterogeneous, the natural conclusion seems to be that 
the softest rays give the slowest speeds, and that the velocity 
of the secondary rays increases with the hardness of the 
X rays from which they are derived. Now the hardness of 
the rays grows with the speed of the cathode p:irticles in the  
bulb. Is  it then possible that the cathode particle is first 
set in motion by the electromotive force in  the bulb, strikes 
the anticathode and picks up a positive there, becomes neutral 
and is now called an X ray, is subsequently stripped of the  
positive and becomes a secondary cathode particle, tlie identity 
of the negative remaining the same throughout and its speed 
invariable or nearly s o ?  The tlifficulty comes in when ~ ’ e  
try to consider the part played by the mass of the positive. 

And, again, may not the p and y forms be interchangeable 
a t  times? A y particle which had been stripped of its 
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positive and become a secondary cathode or ,8 ray would be 
lost to ineasurement as a y ray ; and we should thus have a n  
explanation of how the y rays a re  '' absorbed," and why the 
absorption follows an  exponential law. And in  the same 
way, if a p particle picked up a positive it would disappear 
from view as  a p particle ; i t  would be " absorbed.'' 

Although we have made a iew experiments with magnetic 
fields, we have not yet come to  any  concliision as to whether 
or no there a re  y pairs which have become loosened in the 
attachment of positive to negative, forming a softer and 
more ionizing radiation. Their existence might be suspected, 
since there is an  analogous effect in  the case of X rays ; and 
probably they would be found more a t  the back of the 
penetrated plate than in front of it. 

A few further experimental illustrations are  shown diagram- 
inatically in figs. 5 and 6 with the explanations attached. 

Fig. 5.-The upper figure shows the general arrangement. 
The lower figures are diagrammatic, and show the currents 
for different arrangements of the P b  and AI a t  the bottom of 
the chamber, and a t  the top with the exception of the plate 
through which the y rays enter. Inverting the top plates 
makes little difference when the upper of the two plates a t  
the bottom is A1 ; but an appreciable difference when i t  is 
Pb, because in the latter case a good deal of secondary 
radiation is thrown up by the Pb,  and there is a tertiary 
froin the top plate. 

l h e  same, when the conical opening is completely filled 
by Pb stopper :- 

r 7  

18.3 - 12.6 12.6 17 .7  

The differences show the effects of those rays only wliiuh 
are stopped by the P b  stopper :- 

27-7 28.7 39.9 44.7 
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top plate where the y rays enter. 
A1 plate=*16 cm. 

INVESTIGATION O F  T H E  NATURE O F  THE y RAYS. 

Three Pb plaies=-55 cm.; 

The same, with P b  stopper inserted :- 
14.1 14.7. 

Fig. 6.-Tho upper figure shows the, general arrangement. 
The wall of the cylindrical vessel was of brass : a P b  or an A1 
lining could be inserted as shown. The lower figures are 
diagrammatic, and show the currents for  difleront arrange. 
ments of P b  and AI at  top, bottom, and sides. Inversion of 
the plates throzyh which the y rays pass into the chamber 
makes little difference ; but there is a great change if the 
material is changed on which the y rays fall, or the '' emer- 
gence " radiations from the top plate. The base is of less 
importance than in fig. 5 ; but the sides of more importance. 
This should clearly be so, for geometrical reasons. When 
the conical opening was filled by a P b  stopper the currents 
were all reduced considerably, but retained the same propor- 
tions pretty nearly. 

When a small pencil of ,8 rays was admitted through a 
hole in the centre of the top plate a change of the material 
of the bottom became more effective, and of the sides less 
effective than before ; but this difference became smaller 
when thin A1 sheets were so placed as to scatter the 8 rays 
on their entry into the chamber. 

I n  conclusion we should like to add that Wigger was the 
first, so fa r  as we know, to show clearly that the secondary 
radiation of AI, on the far  side of the plate, was greater than 
that of Pb. A comparison of the emergence radiations of 
different metals was made by Dawes (Phys. Rev. xx. p. 182), 
who showed that, they did not follow the law of the incidence 
radiations. The same effect was indicated in the experiments 
of Eve (Phil. Mag. Dec. 1904). W e  have little doubt that 
the interesting experiments of' Mackenzie (Phil. Mag. July 
1907) are to be explained on the lines indicated in this 
paper. I n  fact it is clear that this is the case in a broad 
sense ; hut it is difficult to give a coinplete explanatioll until 
the laws are  so completely worked out that they can he 
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app] ied to the interpretation of experiments which a re  really 
very complicated, alt8hoiigh at  f i r s t  sight they may seem to 
be simple. 

P~SCUSSION. 
Dr R. S. TVILr,ows criticised the paper and expressed the opinion that 

the  experiments described could all be accoiinted for by an extension of 
the  e t h e r - p ~ h e  theory. On the other hand, he instanced pheuomena 
mliich would be difficult t o  explain on the neutral pair theory. 

XVII. Short Spark Pl~eiaoineria. By W. DUDDELL, F,R.S.* 
[Plates XIV.-XVI.] 

JN connexion with some ineasuretnents of the cur ren t  in 
the secondary circuit of an induction-coil, I have noticed 
two curious effects, which a re  probably well known but 
which I do not reinemher having seen described anywhere. 

The apparatus inuse consisted of a 12-inch Newton induction- 
coil which was supplied from the 200 volt direct-cu rrent 
mains. A large resistance was placed in series with the 
primary of the coil to limit the current, and the current was 
interrupted by means of a mercury-jet interrupter ; the 
connexions are  shown in 

t 

fig. 1. The secondary circuit 
Fig. 1. 

n 

contained a galvanometer G to measure the mean current 
and thermo-ammeter T. A. to inemure the root-mean-squared 
Current. 

The galvanometer was specially constructed for the purpose 

* Read . 4 p d  10, 1908. 


